Objective: To investigate the antidepressant-like effect of glycyrrhizin (glycyrrhizic acid ammo nium) in mice. Materials and Methods: Glycyrrhizin (1.5, 3.0 and 6.0 mg/kg, i.p.) was administered once daily in both FST and TST. Glycyrrhizin did not show significant effect on locomotor activity of mice. The efficacy of glycyrrhizin was found to be comparable to that of imipramine and fluoxetine. Correspondence to:
Introduction

Inhibition of 11 beta-hydroxysteroid dehydrogenase leads to
Depression is a heterogeneous disorder that affects a increased cortisol levels in the kidneys and in other person's mood, physical health and behavior. Patients with mineralocorticoid-selective tissues. Since cortisol, which major depression have symptoms that reflect changes in brain occurs in much larger amounts than aldosterone, binds with monoamine neurotransmitters, specifically norepinephrine, the same affinity as aldosterone to the mineralocorticoid serotonin and dopamine. [1] Reserpine, an antihypertensive drug receptor, the result is a hypermineralocorticoid effect of cortisol that depletes neuronal storage granules of norepinephrine, leading to sodium retention, potassium loss and suppression serotonin and dopamine, causes clinically significant of the rennin-angiotensin-aldosterone system, thus leading depression in 15% or more of patients. [2] to adverse effects such as hypertension and oedema. There is Glycyrrhizin, a triterpene saponin, possess antiapparently a great individual variation in the susceptibility to inflammatory, [3] antithrombotic, [4] antiviral [5] and antiulcer [6] glycyrrhizic acid. A daily intake of 10 mg glycyrrhizic acid would activities. Glycyrrhizic acid administered in drinking water at represent a safe dose for most healthy adult human beings. a concentration of 1 mg/ml for 10 days partially blocked the However, considerable number of individuals, who consume stress response and increased adaptation in rats. [7] Glycyrrhizic large amounts of glycyrrhizic acid, is exposed to the risk of acid competitively inhibits 11 beta-hydroxysteroid developing adverse effects. [9] The 11 beta-HSD2 rapidly dehydrogenase type-2 (11 beta-HSD2) enzymatic activity. [8] inactivates glucocorticoids in placenta and many foetal tissues, Glycyrrhizic acid is hydrolysed in the intestine to the thus acting as a 'barrier' to maternal steroids. Inhibition of pharmacologically active compound glycyrrhetic acid, which 11 beta-HSD2 by carbenoxolone (the succinyl ester of inhibits the enzyme 11 beta-hydroxysteroid dehydrogenase (in glycyrrhetinic acid), permanently programs amygdala the direction of cortisol to cortisone) as well as some other glucocorticoid receptor mRNA expression and produces enzymes involved in the metabolism of corticosteroids.
anxiety-like behaviour in the offspring 10 .
Glycyrrhizin inhibits monoamine oxidase (MAO), [11] thereby increasing the levels of monoamines like epinephrine and dopamine in brains of mice. Abundant evidence indicates that MAO inhibitors increase the concentrations of norepinephrine, 5-hydroxytryptamine (serotonin) and dopamine within the neuronal synapse through the inhibition of MAO enzyme and have antidepressant effects.
[12], [13] Therfore, the present study was undertaken (i) to investigate the effect of glycyrrhizin on depression in mice employing forced swim test (FST) and tail suspension test (TST) and (ii) to explore the possible underlying mechanisms of antidepressant-like activity of the glycyrrhizin. Standard antidepressant drugs such as fluoxetine, a selective serotonin reuptake inhibitor, and imipramine, a tricyclic antidepressant were employed to standardize the animal models of depression and to compare the antidepressant efficacy of glycyrrhizin. (±) sulpiride (D 2 -receptor antagonist), prazosin (α 1 -adrenoceptor antagonist), and p-chloro phenylalanine (serotonin synthesis inhibitor) were used to evaluate the probable mechanisms of antidepressant-like effect of glycyrrhizin.
Materials and Methods
Study design
The design of this experimental study was comparative and parallel group. Animals were divided into 24 groups and each group comprised of a minimum of five mice. Glycyrrhizin was administered in three different doses (1.5, 3.0 and 6.0 m/kg, i.p.) to different groups of mice. The dose selection of glycyrrhizin (glycyrrhizic acid ammonium) was based on the earlier study, which stated that repeated oral administration (30 times) of maximum daily therapeutic dose (7 mg/kg) and in a fourfold dose (28 mg/kg) did not cause signs of intoxication, essential changes in the hematological and integral parameters, shifts in the activity of serum enzymes, morphological changes in the cell structures of the internal organs. [14] The experimental protocol was approved by the Institutional Animals Ethics Committee before the start of the study. Animals Swiss male albino mice (3 months old), weighing around 25 g and procured from disease free small animal house, CCS Haryana Agriculture University, Hisar (Haryana, India), were used in the present study. Animals had free access to food and water, and were maintained under standard laboratory conditions with a natural light and dark cycle. Food given to mice consisted of wheat flour kneaded with water and mixed with small amount of refined vegetable oil. The animals were acclimatized for at least 5 days before behavioural experiments. Experiments were carried out between 09:00 and 15:00 h.
Drugs and chemicals Glycyrrhizin (glycyrrhizic acid ammonium), (±) sulpiride, prazosin hydrochloride, DL-p-chlorophenylalanine, imipramine hydrochloride (Sigma-Aldrich, St. Louis, USA) fluoxetine hydrochloride (Ranbaxy Laboratories, Gurgaon, India), acetic acid glacial (Central Drug House PVt. Ltd., New Delhi, India), sodium hydroxide pellets (Hi-Media, Mumbai, India) were used in the present study.
Vehicle Glycyrrhizic acid ammonium was dissolved in hot normal saline (60-62°C). Fluoxetine hydrochloride, imipramine hydrochloride and prazosin hydrochloride were dissolved separately in normal saline (0.9% sodium chloride). Sulpiride was dissolved in normal saline followed by addition of one drop of glacial acetic acid. p-chlorophenylalanine (p-CPA) was dissolved in minimum quantity of 0.1 N sodium hydroxide and pH was adjusted to 7 with 0.1 N hydrochloric acid. Volume of i.p. injection was 1 ml/100 g of mouse.
Laboratory models for testing antidepressant activity Forced swim test (FST): Behaviour despair was proposed as a model to test for antidepressant activity by Porsolt et al. [15] , [16] Mice were forced to swim individually in a glass jar (25 × 12 × 25 cm 3 ) containing fresh water of 15 cm height and maintained at 25°C (± 3°C). After an initial 2 min period of vigorous activity, each animal assumed a typical immobile posture. A mouse was considered to be immobile when it remained floating in the water without struggling, making only minimum movements of its limbs necessary to keep its head above water. The total duration of immobility was recorded during the next 4 min of a total 6 min test. The changes in immobility duration were studied after administering drugs in separate groups of animals. Each animal was used only once.
Tail suspension test (TST): The total duration of immobility induced by tail suspension was measured according to the method described by Steru et al [17] as a facile means of evaluating potential antidepressants. Mice were suspended on the edge of a table 50 cm above the floor by the adhesive tape placed approximately 1 cm from the tip of the tail. Immobility time was recorded during a 6 min period.
[18] Animal was considered to be immobile when it did not show any movement of body and hanged passively.
Study groups Using FST: Group I (control group): normal saline (1 ml/ 100 g). Group II: Fluoxetine (20 mg/kg, i.p.). Group III: Imipramine (15 mg/kg, i.p.). Groups IV-VI: Glycyrrhizin (1.5, 3.0 and 6.0 mg/kg, respectively). In all these groups, respective drug treatment (i.p.) was given for seven successive days. After 60 min of the last dose, the immobility period was recorded.
Using TST: Group VII (control group for one day treatment): normal saline (1 ml/100g). Groups VIII-X: Glycyrrhizin (1.5, 3.0 and 6.0 mg/kg, respectively). In all these groups, respective drug treatment (i.p.) was given only once. After 60 min of administration, the immobility period was recorded.
Group XI (control group for 7 days treatment): normal saline (1 ml/100 g). Group XII: Fluoxetine (20 mg/kg, i.p.). Group XIII: Imipramine (15 mg/kg, i.p.). Groups XIV-XVI: Glycyrrhizin (1.5, 3.0 and 6.0 mg/kg, respectively). In all these groups, respective drug treatment (i.p.) was given for seven successive days. After 60 min of the last dose, the immobility period was recorded.
Group XVII: Normal saline was injected i.p. for seven successive days and then sulpiride (50 mg/kg, i.p.) was administered on the seventh day after 30 min of last injection of normal saline. The animals were subjected to TST after 30 min of sulpiride injection.
Group XVIII: Glycyrrhizin (3.0 mg/kg) was administered i.p. for seven successive days and then sulpiride (50 mg/kg, i.p.) was administered on the seventh day after 30 min of last injection of glycyrrhizin. The animals were subjected to TST was administered on the seventh day after 30 min of last injection of glycyrrhizin. The animals were subjected to TST after 30 min of prazosin injection. Group XXI: Normal saline was injected i.p. for three successive days to mice. From the fourth day to seventh day, 100 p-CPA (100 mg/kg, i.p.) was administered after 30 min of injection of normal saline. The animals were subjected to TST after 30 min of p-CPA injection on the seventh day.
Group XXII: Glycyrrhizin (3.0 mg/kg) was administered i.p. for three successive days to mice. From the fourth day to seventh day, p-CPA (100 mg/kg, i.p.) was administered after 30 min of i.p. injection of glycyrrhizin. The animals were subjected to TST after 30 min of p-CPA injection on the seventh day.
Group XXIII: Fluoxetine (20 mg/kg) was injected i.p. for three successive days to mice. From the fourth day to seventh day, p-CPA (100 mg/kg, i.p.) was administered after 30 min of injection of fluoxetine. The animals were subjected to TST after 30 min of p-CPA injection on the seventh day.
Group XXIV: Effect of glycyrrhizin (3.0 mg/kg, i.p.) on locomotor function of mice was studied using a photoactometer (INCO, Ambala, India) to rule out the increase in locomotor performance of mice. The difference in the locomotor activity scores was noted before and after the administration of glycyrrhizin.
Statistical All results are expressed as mean±SEM. All the groups were analysed using one-way ANOVA followed by Dunnett's test. The locomotor activity scores were subjected to Student's paired t-test. P <0.05 was considered significant.
Results
Effect on immobility periods in FST and TST
Single dose (1.5, 3.0 and 6.0 mg/kg) of glycyrrhizin did not have significant effect on immobility periods of mice as compared to control in TST [ Figure 2 ]. Glycyrrhizin (1.5 and 6.0 mg/kg) administered i.p. for seven successive days also did not have significant effect on immobility periods as compared to control in both FST and TST. On the other hand, glycyrrhizin in a dose of 3.0 mg/kg administered i.p. for seven successive days significantly decreased immobility period as compared to control in both FST and TST, indicating significant antidepressant-like effect. Imipramine (15 mg/kg, i.p.) and fluoxetine (20 mg/kg, i.p.) for seven successive days significantly reduced the immobility periods as compared to respective controls in both FST and TST [ Figures 1 and 2] .
Effect of combination of glycyrrhizin with sulpiride, prazosin and p-CPA on immobility periods in TST Sulpiride (50 mg/kg, i.p.) and prazosin (62.5 µg/kg, i.p.) alone significantly increased the immobility period while p CPA alone did not have significant effect as compared to control. Pretreatment of animals with sulpiride or prazosin significantly blocked the decrease of immobility time produced by glycyrrhizin. On the other hand, pretreatment of mice with p-CPA (100 mg/kg, i.p.) did not significantly reverse the decrease in immobility period produced by glycyrrhizin. However, pretreatment of mice with p-CPA (100 mg/kg, i.p.) significantly reversed decrease of immobility period produced by fluoxetine [ Table 1 ]. Effect on locomotor activity There was no significant effect on locomotor activity of mice (426 ± 14.7) when treated with glycyrrhizin (3.0 mg/kg, i.p.) for seven successive days as compared to control (before treatment) (434.2 ± 9.7).
Discussion
In the present study, glycyrrhizin (3.0 mg/kg) produced significant antidepressant-like effect in mice in both FST and TST. Both these models of depression are widely used to screen new antidepressant drugs.
[15]-[17], [19] These tests are quite sensitive and relatively specific to all major classes of antidepressant drugs including tricyclics, serotonin-specific reuptake inhibitors, monoamine oxidase (MAO) inhibitors and atypicals. [15] , [17] , [20] In FST, mice are forced to swim in a restricted space from which they cannot escape, and are induced to a characteristic behaviour of immobility. This behaviour reflects a state of despair that can be reduced by several agents, which are therapeutically effective in human depression. The TST also induces a state of immobility in animals like that in FST. This immobility, referred as behavioural despair in animals, which is claimed to reproduce a condition similar to human depression.
[17], [21] It has been argued that the TST is less stressful than FST and has greater pharmacological sensitivity.
[22]
The antidepressant-like effect of glycyrrhizin seems not to be associated with any motor effects, since it did not show significant change in locomotor function of mice as compared to control. This indicates that increased motor activity was not involved in the action seen in both FST and TST, and confirms the assumption that the antidepressant-like effect of glycyrrhizin is specific. The precise mechanisms by which glycyrrhizin produced antidepressant-like effect are not completely understood. However, according to our results, the antidepressant-like effect of glycyrrhizin was significantly reversed by the treatment of animals with prazosin (an α 1 adrenoceptor antagonist) and sulpiride (a selective dopamine D 2 -receptor antagonist) when tested in TST. This suggests that glycyrrhizin might produce antidepressant-like effect by interaction with α 1 -adrenoceptors and dopamine D 2 -receptors, thereby increasing the levels of norepinephrine and dopamine in brains of mice. However, p-CPA (a serotonin synthesis inhibitor) did not significantly attenuate the antidepressant like effect of glycyrrhizin in TST, suggesting that antidepressant effect of glycyrrhizin is not mediated through serotonergic system. On the other hand, p-CPA significantly reversed the antidepressant effect of fluoxetine (a specific serotonin reuptake inhibitor) in TST, suggesting that fluoxetine has antidepressant effect through the serotonergic system.
Since glycyrrhizin has MAO inhibiting activity, [11] therefore, antidepressant-like effect of glycyrrhizin in mice might be through increase in the brain levels of monoamines like epinephrine and dopamine by inhibiting monoamine oxidase. Thus, it may be concluded that glycyrrhizin produced antidepressant-like effect in mice in both FST and TST, and this effect seems most likely to be mediated through an interaction with adrenergic and dopaminergic systems. The efficacy of the glycyrrhizin was comparable to that of imipramine and fluoxetine.
